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the biased H2 etch-enhanced gap fill process noted below showing that there is only 
trace amount of C (30ppm) 5 N (20ppm) and F (lOppm) contained in the film relative 
to the Si0 2 film density of 7E+22 atoms/cc. 

Biased H2-Etch Enhanced deposition conditions for SIMS analysis sample 
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Parameter 
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Denosition 1 


Etch 


Op'no^ition 9 

L/vUvOlUUll 


Wafer temn ( 0 0 


550 

<J *s \s 


650 


650 


SiH4 (seem) 


80 




80 


H 2 (seem) 


100 


800 


100 


He (seem) 


200 


300 ^ 


^200^) 


O2 (seem) 


110 
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110 


Pressure (mTorr) 


2.5 


7.0 


2.5 


Bias (HF RF) 
Power (W) 


1100 


3000 


3100 


Source (LF) 
Power (W) 


3000 


4000 


3000 



In addition, application of bias power to the wafer leads more etching radicals 
to move towards the etched target (wafer) so that etch back is enhanced. As shown in 
Fig. 3, etch rate increases with increase of the bias power. 

10 Another advantageous characteristic of the biased H2 etch-enhanced gap fill 

process of the invention is that etch-induced bottom-up deposition loss is minimum. 
This is illustrated in Fig. 4 which depicts etch amount inside and outside of a trench 
vs. etch time. Thus, as previously illustrated in Fig. 1, biased H 2 etch back of 
deposition on the trench top (overhang and top-hat) is much faster than that inside the 

15 trench. This is desirable to minimize gap fill deposition loss during the etch stage of 
the multi-step process. Secondly, etch amount of deposition on the trench top 
increases with time, while it remains unchanged for the bottom-up gap fill at the 
normalized time > 1 .0. 

Thus, this invention provides an etch-enhanced HDP gap fill (e.g., STI) 
20 process with an in situ high throughput H2 etch step without C, N and F 
contamination. 
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